The objective of this study was to evaluate the gluconeogenic response of in vitro stimulated hepatocytes from control broilers and broilers with clinical manifestations of the ascites syndrome. The basal rate of glucose synthesis from lactate was found to be threefold greater in sick birds than in the control group and stimulation obtained with epinephrine was found to be quantitatively similar in both groups. Under basal conditions, the hepatocytes from the sick broilers exhibited 60% more ammonium than the control birds.
INTRODUCTION
The ascites syndrome (AS) is an entity with constant epidemiologic, clinical, and anatomopathological characteristics (Paasch, 1991) . It affects broilers and broiler breeders from the 3rd wk of age on, with maximum mortality rates at the 6th and 7th wk (Paasch, 1991; Suarez and Rubio, 1989) . The clinical signs of AS are: raised feathers, apathy, cyanosis of the head and feet, growth of the abdomen, slow walking with legs spread, and dyspnea (Rodriguez and Rosiles, 1988; Paasch, 1991) . The predisposing factors for ascites are genetics, nutrition, environment, care or management, and infection (Rodriguez and Rosiles, 1988; Dale and Villacres, 1988; Suarez and Rubio, 1989; Odom, 1993) . Economic losses due to mortality during the growth period may reach 5% of the population (Arce et al., 1987; L6pez, 1991; Odom, 1993) .
The pathology behind AS becomes apparent with the appearance of hypoxia caused by any of the predisposing factors, which causes erythrocyte deformation (Dale and Villacres, 1988; Mirsalimi and Julian, 1991) , right heart hypertrophy, an increase in blood pressure at the level of the pulmonary artery (Dale and Villacres, 1988; Paasch 1991; Maxwell and Robertson, 1993) , generalized
In addition, the quantification of thiobarbituric acid reactive substances, as indicators of cellular lipoperoxidation, showed an increase of over 100% in heart and liver of sick broilers fowl. In conclusion, the complex integrated response of gluconeogenesis to epinephrine is maintained in broilers with ascites, although their hepatocytes present changes compatible with those observed in cases of oxidative stress. It is not known whether this stress is a cause or a consequence of the ascites syndrome.
1996 Poultry Science 75:900-903 passive chronic heart congestion, hydropericardium, and ascites (Julian et al, 1986) . This cardiopulmonary condition causes repercussions in liver function (Julian et al, 1986) , including the following histopathological lesions: contraction of the liver cords, individualization of the hepatocytes, vacuolization of the liver cell cytoplasm, capsular fibrosis, and deposit of intracellular protein material (Maxwell et al, 1986; Wilson et al, 1988) .
There is no information on the molecular changes that occur as a consequence of AS. This study intends to explore the liver capacity of broilers with AS, in comparison with a control group, in response to stimuli which, in the rat, normally causes the activation of three effectors: glucagon (Staddo and Hansford, 1989) , epinephrine (Garrison and Haynes, 1973) , or adenosine (Diaz et al, 1991) in relation to the metabolism of carbohydrates. It is not known whether the responsiveness of the hepatocytes from birds with AS is affected. On the other hand, it has been hypothesized that the development of AS can be partially due to the generation of free radicals from inflammatory cell infiltration with the subsequent depletion of tissue antioxidants (Enkvetchakul et al, 1993) . The toxicity of those free radicals has been widely documented (Comporti, 1985; Aust et al, 1993) . The content of malondialdehyde in the hearts and livers of normal broilers and those with AS were then compared; malondialdehyde was measured as a thiobarbituric acid reactive substance (TBARS), which continues to be the most widely used (Key words: ascites, broiler, free radicals, gluconeogenesis, oxidative stress) indicator of lipoperoxidation caused by an excess of free radicals in tissues (Gutteridge and Halliwell, 1990) .
MATERIALS AND METHODS
Six-week-old Arbor Acres broilers were used. Spontaneous AS developed in less than 1% of the total population. Selected animals, according to the criteria included below, were deprived of feed during the 24 h previous to the start of the experiment. Individual chickens with some clinical signs of AS (raised feathers, apathy, cyanosis of the head and feet, growth of the abdomen, slow walking with legs spread, and dyspnea) were initially included in the AS category. Definite inclusion in this category was made once the birds were killed and at least two gross pathological indicators of AS were observed: i.e., hydropericardium, ascites, right heart hypertrophy or general congestion. Animals from the same flock without a single clinical sign or pathological indicator of AS were included in the category of control birds.
Chickens were anesthetized with ether and hepatocytes from individual birds were prepared using the Berry and Friend (1969) technique modified by Guinzberg et al. (1987) . Cell viability was quantified using the exclusion technique using 0.2% trypan blue. The cells were incubated in Krebs-Rrnger bicarbonate at pH 7.4, containing 1% bovine serum albumin and 1.2 mM calcium under a saturated atmosphere of O2/CO2 (95/ 5%), continually stirred for 60 min at 37 C. In order to carry out this experiment, the incubation medium was supplemented with 5 mM ammonium carbonate and 10 mM of glucose for the determination of the ammonium and 10 mM lactate for the determination of glucose. Ammonium was added to assure the availability of this ion for different metabolic routes in hepatocytes enriched with 10 mM glucose. The method employed for ammonium measurement cannot distinguish between the endogenous substrate or the added salt; therefore, the reported results represent the clearance in total ammonium.
After incubation, the different samples were placed in an ice bath for 10 min and then centrifuged at a speed (50 x g) for 10 min and the aliquots from the supernatant were used to quantify ammonium, according to the method described by Gutman and Bergmeyer (1974) . For glucose determination, a technique described by Fales (1963) was used. For the determination of TBARS, (Zentella et al, 1993 ) a homogenate of liver and heart prepared with distilled water was used. The reagents were of high purity.
2 In the analysis of the results, control and AS populations were compared using the Student's t test within each treatment group. The n value in the figures refers to the number of independent 2 Obtained from Sigma Chemical Co., St. Louis, MO 63178-9916 and Baker de Mexico, D. F. 75595-07301. experiments, each one performed with samples from a separate bird. Figure 1 shows the gluconeogenic activity of the hepatocytes of AS broilers and those of the control group under basal conditions and when exposed to epinephrine, glucagon, and adenosine. The hepatocytes from the control group show a moderate gluconeogenic response to the stimulators used, having statistical significance for epinephrine (P < 0.05). In birds with ascites, there was an increase in glucose observed 60 min after incubation by hepatocytes in the absence of stimulating gluconeogenesis effectors. The difference is statistically significant when compared to the control group. Maxwell et al. (1986) reported on the absence of liver glycogen granules in birds with AS. This fact, and that the birds were deprived of feed for 24 h, suggest that the greater concentration of glucose detected in broilers with AS comes from gluconeogenesis using lactate as the substrate and possibly other endogenous substrates such as amino acids derived from liver proteins. The stimulation caused by epinephrine, glucagon, and adenosine in the hepatocytes from animals with ascites is quantitatively similar to that observed in the hepatocytes from normal birds (close to 3 pimol/g wet weight per h); but was not significantly different when metabolic stimulators were added. The data suggest that, in the case of those birds with AS, the high rate of basal gluconeogenesis masks the effect of the hormones or adenosine.
RESULTS AND DISCUSSION
With the objective of exploring the fate of ammonium, the experiment shown in Figure 2 was carried out. decrease in serum albumin concentration levels reported by Yersin et al. (1992) .
The data reported in Figure 3 show an increase in the concentration of TBARS in the liver and heart of broilers with ascites, indicating a high level of lipoperoxidation in these organs, a process that is started by an increase in the basal levels of oxygen reactive species (free radicals). The increase of lipoperoxidation and the increase in protein catabolism, which occurred in the cells obtained from birds with AS, are data observed in the "oxidative stress" scheme (Sies, 1993) . Still to be integrated is the oxidative stress scheme in those cases of ascites and to define whether it is a consequence of other alternatives attributable to AS or if it is, in fact, the origin of the AS pathologic scheme.
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As indicated in the figure, the pool of ammonium is greater in the prepared hepatocytes of those broilers with AS than in controls. The effectors used did not modify the generation of ammonium in either group of birds. These data point to a greater protein catabolism in the livers of AS broilers than in controls, and suggest that deaminated amino acids might contribute to the high rate of gluconeogenesis found in hepatocytes from birds with AS (Figure 1 ). This result agrees with the FIGURE 3. Levels of lipoperoxidation measured as thiobarbituric acid reactive substances (TBARS) in liver and heart of control group and broilers with ascites. The data are means ± SE and marked with one asterisk if significantly different from control values, n = 16 for liver determinations in the control group and in birds with ascites and n = 8 for heart determinations in both groups.
